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[Document name] SPECIFICATION 

[Title of the invention] PROCESSES FOR PREPARING TETRA- 
HYDROPYRAN-4 -ONE AND P YRAN - 4 - ONE 
[Technical field] 
5 [0001] 

The present invention relates to processes for 
preparing pyran-4-one and tetrahydropyran-4 -one . Pyran-4- 
one and tetrahydropyran-4 -one are useful compounds as 
starting materials or synthetic intermediates of medicine, 
10 agricultural chemicals, etc. 
[Background art] 
[0002] 

Heretofore, as a process for preparing pyran-4-one, 
there have been known, for example, a method in which 4- 

15 methoxy-3 -buten-2 -one and methyl formate are reacted in 

ether in the presence of sodium methoxide to precipitate a 
sodium salt of a formyl derivative, then, a methanol 
solution of hydrogen chloride is reacted thereto, 
neutralized and distilled under reduced pressure to give a 

20 mixture containing 1 , 5 , 5 - trimethoxy- 1 -penten- 3 -one as a 

main component, further, the mixture is allowed to stand in 
cone, hydrochloric acid overnight, then neutralized and 
extracted to prepare pyran-4-one (for example, see Patent 
literature 1) . However, according to this method, a sodium 

2 5 salt of a formyl derivative which is an intermediate must 

be once precipitated, and, a methanol solution of hydrogen 
chloride which is difficult to handling must be used, a 
reaction operation is complicated and a reaction time is 
extremely long, so that it is not advantageous as an 
30 industrial process for preparing pyran-4-one. 
[0003] 

Moreover, as a process for preparing tetrahydropyran- 
4-one from pyran-4-one, there has been disclosed, for 
example, a method in which pyran-4-one and hydrogen are 

3 5 reacted in the presence of Raney nickel, under normal 

pressure in ethanol at room temperature for 3 hours to 



2 



prepare tetrahydropyran-4 -one with yield of 58% (for 
example, see Non- Patent literature 1) or a method in which 
pyran-4-one and hydrogen are reacted in the presence of 
palladium/scandium carbonate under pressure in methanol at 
5 2 0°C for 3 0 minutes to prepare tetrahydropyran-4 -one with 
yield of 75% (for example, see Non-Patent literature 2) . 
[0004] 

However, in the processes for preparing pyran-4-one, 
there are problems that a sodium salt of a formyl deriva- 

10 tive which is an intermediate must be once precipitated, 
and, a methanol solution of hydrogen chloride which is 
difficult to handling must be used, a reaction operation is 
complicated and a reaction time is extremely long, and in a 
method for preparing tetrahydropyran-4 -one from pyran-4- 

15 one, minute operation such as adjustment of catalyst 
activity shall be carried out to improve yield of the 
objective compound, so that it is not advantageous as an 
industrial process for preparing tetrahydropyran-4 -one . 
[Patent literature 1] Japanese Patent Publication No. 

20 Sho. 47-29512 

[Non-Patent literature 1] Bulletin de la Societe Chimique 
de France, 1959, 36. 

[Non-Patent literature 2] Helv. Chim. Acta., 31, 65(1948) 
[Disclosure of the invention] 

2 5 [Problems to be solved by the invention] 

[0005] 

An object of the present invention is to overcome the 
above-mentioned problems, and to provide a process for 
preparing pyran-4-one, which is preferable for industry 

3 0 from inexpensive starting materials with a simple and easy 

process in high yield. 
[0006] 

Another object of the present invention is to 
overcome the above-mentioned problems, and to provide a 
3 5 process for preparing tetrahydropyran-4 -one , which is 
preferable for an industrially suitable process for 
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preparing from pyran-4-one with a simple and easy process 
in high yield. 

[Means to solve the problems] 
[0007] 

The first invention is to provide a process for 
preparing tetrahydropyran-4 -one represented by the formula: 

O 

(D 

which comprises reacting at least one of dihydropyran-4 -one 
and pyran-4-one represented by the formula (2) : 

O 

(2) 

10 

wherein :r ^ Tr represents a single bond or a double 
bond, 

[0008] 

and hydrogen 

15 (a) in the presence of a metal catalyst, in a mixed solvent 
of an aprotic solvent and an alcohol solvent, or 
(b) in the presence of an anhydrous metal catalyst in which 
a hydrated metal catalyst is subjected to dehydration 
treatment, in a hydrophobic organic solvent. 

20 [0009] 

The second invention relates to a process for 
preparing tetrahydropyran-4 -one which comprises two steps 
of 

(A) cyclization step in which 1 , l-dialkoxybutan-3-one 
2 5 represented by the formula (7) : 

o 

(7) 

wherein R 1 represents an alkyl group, and two R x s may 
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be bonded to form a ring, 
and a formic acid ester represented by the formula (5) : 



HCO2R 2 (5) 
wherein R 2 represents an alkyl group, 



5 are reacted in an organic solvent in the presence of a 
base, to prepare a salt of 5 , 5-dialkoxy-3 -oxopentanal 
represented by the formula (3) : 



wherein R 1 has the same meaning as defined above, 
10 or a salt of an equivalent thereof, and reacting the salt 
with an acid to prepare crude product containing pyran-4- 
one represented by the formula (2') : 

O 



as a main component, then, 
15 [0010] 

(B) reduction step in which the crude product containing 
the pyran-4-one as a main component and hydrogen are 
reacted in the presence of a metal catalyst, 

(a) in a mixed solvent of an aprotic solvent and an alcohol 
2 0 solvent, or 

(b) in the presence of an anhydrous metal catalyst in which 
a hydrated metal catalyst is subjected to dehydration 
treatment, in a hydrophobic solvent, to prepare tetrahydro- 
pyran-4-one represented by the formula (1) : 




(3) 




(2 1 ) 



25 




(1) 



[0011] 



The third invention relates to a process for 




preparing pyran-4-one represented by the formula (2'): 

O 

(2') 

which comprises reacting a salt of 5 , 5-dialkoxy-3 
oxopentanal represented by the formula (3) : 

o 

OH(X ^ (3) 

wherein R 1 has the same meaning as defined above, 
or a salt of the equivalent thereof with an acid. 
[0012] 

The fourth invention relates to a process for 
preparing a salt of 5 , 5-dialkoxy-3- oxopentanal represented 
by the formula (3) : 

o 

OHC. ^ (3) 





R 1 0"X>R 1 

wherein R 1 has the same meaning as defined above, 
or a salt of the equivalent thereof which comprises 
reacting 1 , l-dialkoxybutan-3 -one represented by the formula 
(7) : 

o 

(7) 

wherein R 1 has the same meaning as defined above, 
and a formic acid ester represented by the formula (5) : 

HC0 2 R 2 (5) 
wherein R 2 has the same meaning as defined above, 
in the presence of a base in an organic solvent. 
[0013] 

The fifth invention relates to a process for 
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15 




preparing pyran-4-one represented by the formula (2') : 

O 

i (2f) 

which comprises subjecting 1 , 1 , 5 , 5-tetraalkoxypentan-3-one 
represented by the formula (6) : 

OR 1 O 

tfcT^S (6) 




5 R 1 0 OR 1 

wherein R 1 has the same meaning as defined above, 
to cyclization in the presence of an acid. 
[0014] 

The sixth invention relates to a process for 
10 preparing dihydropyran-4 -one represented by the formula 
(2") : 

O 




I ] < 2 "> 
XT 

which comprises reacting pyran-4-one represented by the 
formula (2 ' ) : 

O 

[J (2') 
O 



among the compounds represented by the formula (2) and 
hydrogen in the presence of a metal catalyst, in a mixed 
solvent of an aprotic solvent and an alcohol solvent. 
[0015] 

2 0 The seventh invention relates to a sodium salt of 

5 , 5-dialkoxy-3 -oxopentanal represented by the formula (3) 



7 



OHC 




(3) 



10 



15 



20 



wherein R 1 has the same meaning as defined above, 
or a sodium salt of an equivalent thereof . 
[Effects of the invention] 
[0016] 

According to the present invention, an industrially 
suitable process for preparing tetrahydropyran-4 -one which 
can obtain tetrahydropyran-4 -one from pyran-4-one in high 
yield and by a simple and easy process can be provided. 



Also, according to the present invention, an 
industrially suitable process for preparing pyran-4-one 
which can obtain pyran-4-one from inexpensive starting 
materials in high yield and by a simple and easy process 
can be provided. 

[Best mode for carrying out the invention] 
[0018] 

The first invention relates to a process for 
preparing tetrahydropyran-4 -one represented by the formula 



which comprises reacting at least one kind of dihydropyran- 
4 -one and pyran-4-one represented by the formula (2) : 

O 




(1) 




(2) 



wherein represents a single bond or a double 

bond, 



[0019] 
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and hydrogen 

(a) in the presence of a metal catalyst, in a mixed solvent 
of an aprotic solvent and an alcohol solvent, or 

(b) in the presence of an anhydrous metal catalyst in which 
5 a hydrated metal catalyst is subjected to dehydration 

treatment, hydrophobic organic solvent. 
[0020] 

As the metal catalyst of (a) to be used in the 
reaction of the present invention, there may be mentioned 

10 those which contain at least one metal atom selected from 
the group consisting of palladium, platinum and nickel, 
more specifically, there may be mentioned, for example, 
palladium/ carbon, palladium/barium sulfate, palladium 
hydroxide/platinum, platinum/carbon, platinum sulfate/ 

15 carbon, palladium-platinum/carbon, platinum oxide, Raney 
nickel, etc. Incidentally, these metal catalysts may be 
used alone or in combination of two or more in admixture. 
[0021] 

An amount of the above-mentioned metal catalyst to be 
20 used is preferably 0.0001 to 5 mol, more preferably . 0 . 0002 
to 1 mol, further preferably 0.0 0 05 to 0.5 mol, most 
preferably 0.001 to 0.1 mol based on 1 mol of the pyran-4- 
one and/or dihydropyran-4 -one in terms of metal atom. 
[0022] 

2 5 An amount of the hydrogen to be used in the reaction 

(a) of the first invention is preferably 0.5 to 20 mol, 
more preferably 1.1 to 10 mol, further preferably 2.1 to 5 
mol based on 1 mol of the pyran-4-one and/or dihydropyran- 
4 -one . 

30 [0023] 

The mixed solvent of (a) to be used in the reaction 
of the first invention is a mixed solvent of an aprotic 
solvent and an alcohol solvent, and the alcohol solvent in 
the mixed solvent is preferably 1 to 95% by volume, further 
35 preferably 5 to 90% by volume. Also, an amount of the 

above-mentioned mixed solvent to be used may be optionally 
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adjusted depending on a degree of uniformity or condition 
of stirring of the reaction solution, and is preferably 0.5 
to 50 g # further preferably 1 to 20 g based on 1 g of the 
pyran-4-one and/or dihydropyran-4 -one . 
5 [0024] 

As the above-mentioned aprotic solvent, there may be 
mentioned an aliphatic hydrocarbon such as pentane, hexane, 
heptane, cyclohexane, etc.; a halogenated aliphatic 
hydrocarbon such as methylene chloride, dichloroethane , 

10 etc.; an aromatic hydrocarbon such as benzene, toluene, 
xylene, etc.; a halogenated aromatic hydrocarbon such as 
chlorobenzene, dichlorobenzene , etc., a carboxylic acid 
ester such as methyl acetate, ethyl acetate, etc.; an ether 
such as diethyl ether, tetrahydrof uran, dimethoxyethane , 

15 etc., preferably an aromatic hydrocarbon, further prefer- 
ably toluene, xylene may be used. Incidentally, these 
aprotic solvents may be used alone or in combination of two 
or more in admixture . 
[0025] 

2 0 As the above-mentioned alcohol solvent, there may be 

mentioned methanol, ethanol, n-propyl alcohol, isopropyl 
alcohol, and t-butyl alcohol. Incidentally, these alcohol 
solvents may be used alone or in combination of two or more 
in admixture . 
25 [0026] 

The reaction of the first invention can be carried 
out, for example, in a hydrogen gas atmosphere, pyran-4-one 
and/or dihydropyran-4 -one , a metal catalyst, an aprotic 
solvent and an alcohol solvent are mixed and reacted with 

3 0 stirring, and the like. The reaction temperature at that 

time is preferably 0 to 100 °C, further preferably 5 to 
60°C, and the reaction pressure is preferably 0.1 to 10 
MPa, further preferably 0.1 to 1 MPa. 
[0027] 

3 5 As the hydrated metal catalyst of (b) to be used in 

the reaction of the first invention, it is those containing 
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at least one metal atom selected from the group consisting 
of palladium, platinum and nickel which are the same as the 
above-mentioned (a) , and more specifically, there may be 
mentioned, for example, palladium/carbon, palladium/barium 
5 sulfate, palladium hydroxide/platinum, platinum/carbon, 
platinum sulfate/ carbon, palladium-platinum/carbon, 
platinum oxide, Raney nickel, etc. Incidentally, these 
hydrated metal catalysts may be used alone or in combina- 
tion of two or more in admixture, and they may be in a 
10 state in which it is suspended in water in the point of 
safety. 
[00281 

An amount of the above-mentioned hydrated metal 
catalyst to be used is preferably 0.0001 to 5 mol, further 
15 preferably 0.0002 to 1 mol based on 1 mol of the pyran-4- 
one and/or dihydropyran-4 -one in terms of the metal atom. 
[0029] 

An amount of the hydrogen to be used in the reaction 
(b) of the first invention is preferably 0.5 to 20 mol, 
2 0 more preferably 1.1 to 10 mol, further preferably 1.1 to 5 
mol based on 1 mol of the pyran-4-one and/or dihydropyran- 
4 -one . 
[0030] 

As the hydrophobic organic solvent of (b) to be used 
25 in the reaction of the first invention, there may be 

mentioned, for example, an aliphatic hydrocarbon such as 
pentane, hexane, heptane, cyclohexane, etc.; a halogenated 
aliphatic hydrocarbon such as methylene chloride, 
dichloroethane , etc.; an aromatic hydrocarbon such as 
30 benzene, toluene, xylene, etc.; a halogenated aromatic 

hydrocarbon such as chlorobenzene , dichlorobenzene , etc.; a 
carboxylic acid ester such as methyl acetate, ethyl 
acetate, butyl acetate, etc.; an ether such as diethyl 
ether, etc., preferably an aliphatic hydrocarbon and/or an 
35 aromatic hydrocarbon is/are used. Incidentally, these 
hydrophobic organic solvents may be used alone or in 
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combination of two or more in admixture. 
[0031] 

An amount of the above-mentioned hydrophobic organic 
solvent to be used may be optionally adjusted depending on 
5 a degree of uniformity or condition of stirring of the 
reaction solution, and is preferably 0.5 to 50 g, more 
preferably 1 to 20 g, further preferably 1 to 10 g based on 
1 g of the pyran-4-one and/or dihydropyran-4 -one . 
[0032] 

10 The dehydration treatment in the present invention is 

not specifically limited so long as it is a method in which 
a hydrated metal catalyst is made an anhydrous metal 
catalyst, and there may be suitably used a method, for 
example, in which a hydrated metal catalyst and an organic 

15 solvent which can be subjected to azeotropic distillation 
with water are mixed, and water is removed under reflux, 
etc., to remove water from the hydrated metal catalyst. 
[0033] 

As the above-mentioned organic solvent which can be 
20 subjected to azeotropic distillation with water, there may 
be mentioned, for example, an aliphatic hydrocarbon such as 
pentane, hexane, heptane, cyclohexane, etc.; a halogenated 
aliphatic hydrocarbon such as methylene chloride, dichloro- 
ethane, etc.; an aromatic hydrocarbon such as benzene, 
25 toluene, xylene, etc.; a halogenated aromatic hydrocarbon 
such as chlorobenzene , dichlorobenzene , etc.; a carboxylic 
acid ester such as methyl acetate, ethyl acetate, butyl 
acetate, etc.; an ether such as diethyl ether, tetrahydro- 
furan, dimethoxyethane , etc., preferably an aliphatic 
3 0 hydrocarbon, an aromatic hydrocarbon, or an ether may be 
used. Incidentally, these organic solvents may be used 
alone or in combination of two or more in admixture. 
[0034] 

An amount of the above-mentioned organic solvent 
35 which can be subjected to azeotropic distillation with 
water to be used is preferably 0.5 to 50 g, further 
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preferably 1 to 20 g based on 1 g of the pyran-4-one and/or 
dihydropyran-4 -one . 
[0035] 

Incidentally, the above-mentioned organic solvent 
5 which can be subjected to azeotropic distillation with 

water and the hydrophobic organic solvent may be the same 
or different from each other. 
[0036] 

The reaction of the first invention can be carried 
10 out by the method, for example, in which the hydrated metal 
catalyst (if necessary, it may be previously suspended in 
water) and the hydrophobic organic solvent are mixed to 
carry out azeotropic dehydration treatment in the reaction 
system under reflux, then, pyran-4-one and/or dihydropyran- 
15 4 -one is/are added thereto, and the mixture is reacted 
under hydrogen gas atmosphere with stirring, etc. The 
reaction temperature at that time is preferably 0 to 100°C, 
further preferably 5 to 60 °C, and the reaction pressure is 
the reaction pressure is preferably 0.1 to 10 MPa, further 
20 preferably 0.1 to 1 MPa. 
[0037] 

Also, it is preferred that the organic solvent to be 
used for the dehydration treatment and the hydrophobic 
organic solvent to be used in the reaction are the same in 

2 5 the point of the preparation method, and depending on the 

cases, for example, it is also possible to carry out the 
reaction by subjecting to dehydration treatment with 1,2- 
dimethoxyethane , etc., and then, the solvent is replaced 
with toluene, etc. 
30 [0038] 

Incidentally, the final product, tetrahydropyran-4 - 
one is isolated and purified by a general method such as 
neutralization, extraction, filtration, concentration, 
distillation, column chromatography, etc., after completion 

3 5 of the reaction. 

[0039] 
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The above-mentioned pyran-4-one represented by the 
formula (2') to be used in the first invention can be 
obtained by the third invention which comprises subjecting 
5 , 5-dialkoxy-3 -oxopentanal represented by the formula (3): 



o 



OHC 

5 




wherein R 1 has the same meaning as defined above, 
or an equivalent thereof, or a salt thereof to cyclization 
by reacting an acid. 
[0040] 

10 The 5, 5-dialkoxy- 3 -oxopentanal to be used in the 

third invention is represented by the above-mentioned 
formula (3). In the formula (3), R 1 is an alkyl group, 
preferably a straight or branched alkyl group having 1 to 
12 carbon atoms, more preferably a straight or branched 

15 alkyl group having 1 to 6 carbon atoms, and there may be 
mentioned, for example, a methyl group, an ethyl group, a 
propyl group, a butyl group, a pentyl group, a hexyl group, 
etc. Incidentally, these groups contain various kinds of 
isomers. Also, two R 1 s may be bonded to each other to form 

2 0 a ring, and the ring thus formed may be mentioned, for 
example, 1 , 3 -dioxolane , etc. 
[0041] 

Specific examples of the 5 , 5-dialkoxy- 3 -oxopentanal 
may be mentioned, for example, 5 , 5-dimethoxy-3 -oxopentanal, 

25 5 , 5 -diethoxy- 3 -oxopentanal , 5 , 5-di-n-propoxy-3 -oxopentanal , 
5 , 5 -diisopropoxy- 3 -oxopentanal , 5 , 5 -di-n-butoxy- 3 -oxo- 
pentanal , 5 , 5-diisobutoxy-3-oxopentanal , 5 , 5-di-tert- 
butoxy- 3 -oxopentanal , etc. Also, specific examples of the 
equivalent of the 5 , 5 -dialkoxy- 3 -oxopentanal may be men- 

30 tioned, for example, 1 , 1 , 5 , 5 -tetramethoxypentan- 3 -one , 1,5- 
dimethoxy-1, 4 -pentandien- 3 -one , 1,1, 5 - trimethoxypentan-4 - 
en-3-one, etc. 
[0042] 
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The organic solvent to be used in the cyclization of 
the third invention is not specifically limited so long as 
it does not inhibit the reaction, and there may be men- 
tioned, for example, an alcohol such as methanol, ethanol, 
5 isopropyl alcohol, t -butyl alcohol, ethylene glycol, 

triethylene glycol, etc.; a ketone such as acetone, methyl 
ethyl ketone, methyl isobutyl ketone, etc.; an amide such 
as N,N-dimethylformamide, N, N- dime thy lace t amide , N-methyl- 
pyrrolidone, etc.; an urea such as N,N' -dimethylimidazol- 

10 idinone, etc.; a sulfoxide such as dimethylsulf oxide , etc . ; 
a nitrile such as acetonitrile , propionitrile , benzo- 
nitrile, etc.; an ether such as diethyl ether, diisopropyl 
ether, tetrahydrof uran, dioxane, etc.; an aliphatic 
hydrocarbon such as pentane, hexane, heptane, cyclohexane, 

15 etc.; an aromatic hydrocarbon such as benzene, toluene, 

xylene, etc., preferably a nitrile, a sulfoxide, an amide, 
an aliphatic hydrocarbon, an aromatic hydrocarbon, further 
preferably an aromatic hydrocarbon, a nitrile is/are used. 
Incidentally, these organic solvents may be used alone or 

2 0 in combination of two or more in admixture. 

[0043] 

An amount of the above-mentioned organic solvent may 
be optionally adjusted depending on a degree of uniformity 
or condition of stirring of the reaction solution, and is 
25 preferably 0.5 to 50 g, more preferably 1 to 20 g, further 
preferably 1 to 10 g based on 1 g of the 1 , 1-dialkoxybutan- 
3 -one or an equivalent thereof. 
[0044] 

As the acid to be used in the cyclization of the 

3 0 third invention, there may be mentioned, for example, a 

mineral acid such as hydrochloric acid, sulfuric acid, 
nitric acid, phosphoric acid, etc.; a carboxylic acid such 
as formic acid, acetic acid, etc.; an organic sulfonic acid 
such as methanesulf onic acid, trif luoromethanesulf onic 
35 acid, etc., preferably a mineral acid, further preferably 
hydrochloric acid, sulfuric acid is/are used. Incidental- 
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ly, these acids may be used alone or in combination of two 
or more in admixture . 
[0045] 

An amount of the above-mentioned acid to be used is 
5 preferably 1.0 to 20 mol , further preferably 1.1 to 6.0 mol 
based on 1 mol of the 1, l-dialkoxybutan-3-one or an 
equivalent thereof . 
[0046] 

The cyclization of the third invention may be carried 
10 out by a method in which, for example, 1 , l-dialkoxybutan-3- 
one or an equivalent thereof, a formic acid ester, a base 
and an organic solvent are mixed and reacted preferably at 
-30 to 150°C, further preferably at -20 to 130°C with 
stirring to obtain a salt of 5 , 5-dialkoxy-3 -oxopentanal or 
15 a salt of an equivalent thereof, then, an acid is added to 
the mixture and reacted preferably at -30 to 150°C, more 
preferably at -20 to 130°C, further preferably at -20 to 
100°C, most preferably at -5 to 60°C with stirring, and the 
like. Incidentally, the reaction pressure at that time is 
20 not particularly limited. 
[0047] 

Also, the sodium salt of 5 , 5-dialkoxy-3 -oxopentanal 
represented by the above-mentioned formula (3) or the salt 
of the equivalent thereof which is the seventh invention is 

25 a novel compound, and specific examples of the sodium salt 
of 5, 5- dialkoxy- 3 -oxopentanal may be mentioned, for 
example, sodium salt of 5 , 5-dimethoxy- 3 -oxopentanal, sodium 
salt of 5 , 5-diethoxy- 3 -oxopentanal , sodium salt of 5,5-di- 
n-propoxy- 3 -oxopentanal , sodium salt of 5 , 5-diisopropoxy-3- 

3 0 oxopentanal, sodium salt of 5 , 5-di-n-butoxy- 3 -oxopentanal , 
sodium salt of 5 , 5 -diisobutoxy- 3 -oxopentanal , sodium salt 
of 5, 5-di-tert-butoxy-3-oxopentanal , etc. Also, specific 
examples of a sodium salt of an equivalent of 5 , 5 -dialkoxy- 
3 -oxopentanal , there may be mentioned, for example, a 

35 sodium salt of 1 , 1 , 5 , 5-tetramethoxypentan-3 -one , 1,5- 

dimethoxy-1, 4-pentandien-3-one, or 1,1, 5-trimethoxypentan- 
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4 -en-3 -one , etc. 
[0048] 

Also, the salt of the 5 , 5-dialkoxy-3 -oxopentanal 
represented by the above-mentioned formula (3) or the salt 
5 of the equivalent thereof can be obtained by the fourth 

invention which comprises reacting 1, l-dialkoxybutan-3-one 
represented by the formula (4) : 



wherein R 1 has the same meaning as defined above, 
10 or an equivalent thereof, and a formic acid ester repre- 
sented by the formula (5) : 



wherein R 2 represents an alkyl group, 
in the presence of a base in an organic solvent. 
15 [0049] 

The 1 , l-dialkoxybutan-3 -one or an equivalent thereof 
to be used in the reaction of the fourth invention is 
represented by the above-mentioned formula (4) . In the 
formula (4), R 1 has the same meaning as those mentioned in 
2 0 the above-mentioned formula (3) . 
[0050] 

The formic acid ester to be used in the reaction of 
the fourth invention is represented by the above-mentioned 
formula (5) . In the formula (5) , R 2 is an alkyl group, 

2 5 preferably a straight or branched alkyl group having 1 to 

12 carbon atoms, more preferably a straight or branched 
alkyl group having 1 to 6 carbon atoms , and there may be 
mentioned, for example, a methyl group, an ethyl group, a 
propyl group, a butyl group, a pentyl group, a hexyl group, 

3 0 etc. Incidentally, these groups contain various kinds of 

isomers . 
[0051] 




OR 



1 




HCQ 2 R 2 



(5) 



An amount of the above-mentioned formic acid ester is 



10 



15 



20 



25 



preferably 1.0 to 5.0 mol, further preferably 1.1 to 3.0 
mol based on 1 mol of the 1 , l-dialkoxybutan-3 -one or an 
equivalent thereof . 
[0052] 

As the base to be used in the reaction of the fourth 
invention, there may be mentioned, for example, an alkali 
metal alkoxide such as sodium methoxide, potassium 
methoxide, etc.; an alkali metal hydroxide such as sodium 
hydroxide, potassium hydroxide, etc.; an alkali metal 
hydride such as sodium hydride, potassium hydride, etc.; an 
alkaline earth metal hydride such as calcium hydride, etc.; 
an alkali metal carbonate such as sodium carbonate, 
potassium carbonate, etc.; an alkali metal hydrogen 
carbonate such as sodium hydrogen carbonate, potassium 
hydrogen carbonate, etc., preferably an alkali metal 
alkoxide, further preferably sodium methoxide, potassium 
methoxide is/are used. Incidentally, these based may be 
used alone or in combination of two or more in admixture. 
[0053] 

An amount of the above-mentioned base is preferably 
1.0 to 5.0 mol, further preferably 1.1 to 3.0 mol based on 
1 mol of the 1 , l-dialkoxybutan-3 -one or an equivalent 
thereof . 
[0054] 

The pyran-4-one represented by the above-mentioned 
formula (2') can be also obtained by the fifth invention 
which comprises subjecting 1 , 1 , 5 , 5- tetraalkoxypentan-3 -one 
represented by the formula (6) : 



wherein R 1 has the same meaning as defined above, 
or an equivalent thereof to cyclization in the presence of 
an acid. 



OR 1 O 




R 1 CTX>R 
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[0055] 

The 1 , 1, 5 , 5-tetraalkoxypentan-3-one or an equivalent 
thereof to be used in the cyclization of the fifth 
invention is represented by the above-mentioned formula 
5 (6) . In the formula (6) , R 1 has the same meaning as 
defined above. 
[0056] 

As the acid to be used in the cyclization of the 
fifth invention, there may be mentioned, for example, a 

10 mineral acid such as hydrochloric acid, sulfuric acid, 

nitric acid, phosphoric acid, etc.; a carboxylic acid such 
as formic acid, acetic acid, etc.; an organic sulfonic acid 
such as methanesulf onic acid, trif luoromethanesulf onic 
acid, etc., preferably a mineral acid, further preferably 

15 hydrochloric acid, sulfuric acid is/are used. Incidental- 
ly, these acids may be used alone or in combination of two 
or more in admixture . 
[0057] 

An amount of the above-mentioned acid to be used is 
20 preferably 1.0 to 100 mol, more preferably 1.1 to 10 mol , 
further preferably 1.1 to 6.0 mol based on 1 mol of the 
1, 1, 5, 5 - tetraalkoxypentan- 3 -one or an equivalent thereof. 
[0058] 

The cyclization of the fifth invention is carried out 
25 in the presence or absence of a solvent. When a solvent is 
used, it is not particularly limited so long as it does not 
inhibit the reaction, and there may be mentioned, for 
example, water; an alcohol such as methanol, ethanol, 
isopropyl alcohol, t -butyl alcohol, ethylene glycol, 
3 0 triethylene glycol, etc.; a ketone such as acetone, methyl 
ethyl ketone, methyl isobutyl ketone, etc.; an amide such 
as N, N- dimethyl formamide, N, N- dime thylacet amide , N-methyl- 
pyrrolidone, etc.; an urea such as N, N 1 -dimethylimidazol - 
idinone, etc.; a sulfoxide such as dimethylsulf oxide , etc.; 
35 a nitrile such as acetonitrile , propionitrile , benzo- 

nitrile, etc.; an ether such as diethyl ether, diisopropyl 
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ether, tetrahydrof uran, dioxane, etc.; an aromatic hydro- 
carbon such as benzene, toluene, xylene, etc. Incidental- 
ly, these solvents may be used alone or in combination of 
two or more in admixture . 
5 [0059] 

An amount of the above-mentioned solvent may be 
optionally adjusted depending on a degree of uniformity or 
condition of stirring of the reaction solution, and is 
preferably 0 to 50 g, further preferably 0 to 10 g based on 
10 1 g of the 1 , 1 , 5 , 5 - tetraalkoxypentan- 3 - one or an equivalent 
thereof . 
[0060] 

The cyclization of the fifth invention can be carried 
out by a method in which, for example, 1 , 1 , 5 , 5 - tetraalkoxy- 

15 pentan-3-one or an equivalent thereof and an acid are mixed 
and reacted with stirring, and the like. Incidentally, the 
reaction temperature at that time is preferably at -.2 0 to 
100°C, further preferably at -5 to 60°C, and the reaction 
pressure is not particularly limited. 

20 [0061] 

Incidentally, the obtained pyran-4-one is isolated 
and purified by a general method such as filtration, 
neutralization, extraction, concentration, distillation, 
recrystallization, crystallization, column chromatography, 
25 etc., after completion of the reaction. 
[0062] 

The sixth invention is a process for preparing 
dihydropyran-4 -one represented by the above-mentioned 
formula (2"), which comprises reacting pyran-4-one 
30 represented by the above-mentioned formula (2') and 

hydrogen in the presence of a metal catalyst in a mixed 
solvent of an aprotic solvent and an alcohol solvent. 
[0063] 

As the reaction conditions, the same conditions as 
3 5 the reduction of the pyran-4-one represented by the above- 
mentioned formula (2') may be mentioned. 
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[0064] 

The second invention of the present invention relates 
to a process for preparing tetrahydropyran-4 -one which 
carries out the above-mentioned cyclization and reduction 
5 continuously. 
[0065] 

(A) Cyclization step 

The cyclization step of the present invention is a 
step in which 1 , l-dialkoxybutan-3 -one represented by the 

10 formula (4) or an equivalent thereof and a formic acid ester 
represented by the formula (5) are reacted in an organic 
solvent in the presence of a base to obtain a salt of 5,5- 
dialkoxy-3 -oxopentanal represented by the formula (3) or a 
salt of an equivalent thereof, and further, an acid is 

15 reacted thereto to prepare a crude product containing 
pyran-4-one represented by the formula (2') as a main 
component. The cyclization is carried out by the same 
manner as mentioned above. 
[0066] 

20 Incidentally, according to the. cyclization step of 

the present invention, a crude product containing pyran-4- 
one as a main component can be obtained, and in the present 
invention, after completion of the reaction, the reaction 
solution can be used as such in the next step without 

25 effecting isolation and purification of the pyran-4-one, or 
after subjecting to a treatment such as concentration, etc. 
[0067] 

(B) Reduction step 

The reduction step of the present invention is a step 
30 of preparing tetrahydropyran-4 -one represented by the 

formula (1) by reacting the crude product containing pyran- 
4-one represented by the formula (2') as a main component 
and hydrogen 

(a) in a mixed solvent of an aprotic solvent and an alcohol 
3 5 solvent, or 

(b) in the presence of an anhydrous metal catalyst in which 
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a hydrated metal catalyst is subjected to dehydration 
treatment, in a hydrophobic solvent 

in the presence of a metal catalyst. The reduction is 
carried out by the same manner as mentioned above. 
5 [0068] 

An amount of the above-mentioned metal catalyst is 
preferably 0.00001 to 0.5 mol, further preferably 0.00002 
to 0.1 mol based on 1 mol of the 1 , l-dialkoxybutan-3 -one or 
an equivalent thereof in terms of the metal atom. 
10 [0069] 

An amount of the hydrogen to be used in the reaction 
of the present invention is preferably 0.5 to 20 mol, more 
preferably 1.1 to 10 mol based on 1 mol of the 1,1- 
dialkoxybutan-3 -one or an equivalent thereof. 
15 [0070] 

The reaction conditions of the above-mentioned (a) 
and (b) are the same as in the first invention. 
[0071] 

Also, in the present application, there is provided a 
2 0 process for preparing pyran-4-one which comprises reacting 
1 , l-dialkoxybutan-3 -one or an equivalent thereof repre- 
sented by the formula (7) and a formic acid ester repre- 
sented by the formula (5) in an organic solvent in the 
presence of a base to obtain a salt of 5, 5-dialkoxy-3- 

2 5 oxopentanal represented by the formula (3) or a salt of an 

equivalent thereof, and then, an acid is reacted to the 
salt to prepare pyran-4-one represented by the formula 

(2'). 

[0072] 

3 0 The reaction conditions of the above-mentioned 

process for preparing pyran-4-one are the same as mentioned 
above . 

[EXAMPLES] 

[0073] 

3 5 Next, the present invention is explained more spe- 

cifically by referring to Examples, but the scope of the 
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present invention is not limited by these. 
[0074] 

Reference example 1 (Synthesis of 1 , 1 , 5 , 5-tetramethoxy- 
pentan-3-one) 

5 In a flask made of glass having an inner volume of 

500 ml and equipped with a stirring device and a dropping 
funnel were charged 37 g (0.68 mol) of sodium methoxide and 
200 ml of toluene, and while maintaining the liquid 
temperature to 15°C or lower, a mixed solution comprising 

10 50 g (0.50 mol) of 1 -methoxy- 1 -buten- 3 -one and 60 g (1.0 
mol) of methyl formate was gently added dropwise to the 
mixture. After completion of the dropwise addition, the 
mixture was reacted at 15 °C or lower for 1 hour, and at 
room temperature for 3 hours. Thereafter, the reaction 

15 solution was concentrated under reduced pressure, 50 ml of 
methanol was added to the concentrate, 60 g (0.6 mol) of 
98% sulfuric acid was gently added dropwise to the mixture 
while maintaining the liquid temperature to 15°C or lower, 
and the mixture was reacted under stirring at room tempera- 

20 ture for 5 hours. After completion of the reaction, 50% 

aqueous sodium hydroxide solution was added to the mixture 
to neutralize the same, the precipitated solid was filtered 
off, and the obtained filtrate was concentrated. The 
concentrate was purified by silica gel column chromato- 

2 5 graphy (Eluent; hexane : ethyl acetate=10 : 1) to give 18.5 g 

(Isolation yield: 18%) of 1, 1, 5, 5 - 1 etramethoxypentane - 3 - one 
as orange liquid. 

Physical properties of 1 , 1 , 5 , 5-tetramethoxypentane-3 - 
one were as follows. 

30 [0075] 

CI-MS (m/e) ; 175 (M-Ome) 

'H-NMR (CDC1 3 , 5 (ppm) ) ; 2.76 (4H, d, J=5.6Hz), 3.36 (12H, 
S) , 4.79 (2H, t, J=5.6Hz) 
[0076] 

35 Example 1 (Synthesis of pyran-4-one) 

In a flask made of glass having an inner volume of 10 
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ml and equipped with a stirring device and a dropping 
funnel was charged 1.0 g (4.8 mmol) of 1 , 1 , 5 , 5- tetra- 
methoxypentane-3-one synthesized in the same manner as in 
Reference example 1, and in an ice bath, 1 . 2 ml (14.1 mmol) 
5 of 12 mol/1 hydrochloric acid was gently added dropwise to 
the material. After completion of the dropwise addition, 
the mixture was reacted at room temperature for 4 hours . 
After completion of the reaction, when the reaction 
solution was analyzed by gas chromatography (Internal 
10 standard method), 0.45 g (Reaction yield: 97%) of pyran-4- 
one was found to be formed. 
[0077] 

Example 2 (Synthesis of pyran-4-one) 

In a flask made of glass having an inner volume of 10 

15 ml and equipped with a stirring device and a dropping 
funnel was charged 1.0 g (4.8 mmol) of 1 , 1 , 5 , 5 - tetra- 
methoxypentane-3 -one synthesized in the same manner as in 
Reference example 1, and in an ice bath, 5 ml (13 0 mmol) of 
98% formic acid was gently added dropwise to the material. 

20 After completion of the dropwise addition, the mixture was 
reacted at room temperature for 19 hours. After completion 
of the reaction, the reaction solution was analyzed by gas 
chromatography (Internal standard method), 0.45 g (Reaction 
yield: 97%) of pyran-4-one was found to be formed. 

25 [0078] 

Example 3 (Synthesis of pyran-4-one) 

In a flask made of glass having an inner volume of 
1000 ml and equipped with a stirring device, a thermometer 
and a dropping funnel were charged 81.7 g (1.51 mol) of 

30 sodium methoxide and 400 ml of acetonitrile , and in an ice 
bath, a mixed solution comprising 100 g (0.76 mol) of 1,1- 
dimethoxybutan-3 -one and 6 8.2 g (1.14 mol) of methyl 
formate was gently added dropwise to the mixture while 
maintaining the liquid temperature to 12 °C or lower. After 

3 5 completion of the dropwise addition, the mixture was 
reacted at 17 to 22 °C for 4 hours to give a reaction 
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mixture containing a sodium salt of 5, 5-dimethoxy-3 - 
oxopentanal (containing an equivalent thereof) . 
[0079] 

Then, in a flask made of glass having an inner volume 
5 of 2 000 ml and equipped with a stirring device, a thermo- 
meter and a dropping funnel was charged 277 ml (3.32 mol) 
of 12 mol/1 hydrochloric acid, and in an ice bath, the 
above-mentioned reaction mixture containing a sodium salt 
of 5 , 5-dimethoxy-3 -oxopentanal (containing an equivalent 
10 thereof) was gently added dropwise to the mixture while 

maintaining the liquid temperature to 12 °C or lower. After 
completion of the dropwise addition, the mixture was 
reacted at 17 to 22 °C for 16 hours. 
[0080] 

15 After completion of the reaction, while maintaining 

the liquid temperature to 0°C or lower, 3 50 g (1.81 mol) of 
a methanol solution containing 28% sodium methoxide was 
gently added dropwise to the mixture to neutralize the 
same, and after completion of the dropwise addition, the 

20 precipitated solid was filtered off. When the filtrate was 
analyzed by gas chromatography (Internal standard method) , 
61.9 g (Reaction yield: 83%) of pyran-4-one was found to be 
formed. 
[0081] 

25 Example 4 (Synthesis of sodium salt of 5 , 5-dimethoxy-3- 
oxopentanal (including its equivalent)) 

In a flask made of glass having an inner volume of 
1000 ml and equipped with a stirring device, a thermometer 
and a dropping funnel were charged 81.7 g (1.51 mol) of 

30 sodium methoxide and 4 00 ml of acetonitrile , and in an ice 
bath, while maintaining the liquid temperature to 12 °C or 
lower, a mixed solution comprising 100 g (0.76 mol) of 1,1- 
dimethoxybutan-3-one and 6 8.2 g (1.14 mol) of methyl 
formate was gently added dropwise to the mixture. After 

3 5 completion of the dropwise addition, the mixture was 
reacted at 17 to 22 °C for 4 hours to give a reaction 
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mixture containing a sodium salt of 5 , 5-dimethoxy-3 -oxo- 
pentanal (containing an equivalent thereof) . A part of 
this reaction mixture was filtered, and the obtained solid 
was dried under reduced pressure to give a sodium salt of 
5 5 , 5-dimethoxy-3-oxopentanal (containing an equivalent 
thereof) as a pale yellow solid. 

The sodium salt of 5, 5-dimethoxy-3-oxopentanal 
(containing an equivalent thereof) is a novel compound 
represented by the following physical properties. 
10 [0082] 

FAB-MS; 183 (M) 

"H-NMR (DMSO-d 6 , 5 (ppm) ) ; 2.61 (1H, brs) , 2.86 (1H, brs) , 
3.41 (6H, s) , 4.81 (1H, t, J=5.7Hz), 5.27 (1H, d, 
J=10.5Hz), 9.00. (1H, d, J=10.5Hz) 
15 [0083] 

Example 5 (Synthesis of tetrahydropyran-4 -one) 

In a flask made of glass having an inner volume of 2 0 
ml and equipped with a stirring device, a thermometer, a 
reflux condenser and a balloon filled with hydrogen were 

20 charged 577 mg (6.0 mol) of pyran-4-one, 120 mg (50% wet 

product; containing 0.03 mmol as a palladium atom) of 5% by 
weight palladium/ carbon, 5 ml of toluene and 1 ml of 
ethanol, and the mixture was reacted under hydrogen 
atmosphere at room temperature for 3 hours with stirring. 

25 After completion of the reaction, the reaction solution was 
analyzed by gas chromatography (Internal standard method) , 
513 mg (Reaction yield: 85.4%) of tetrahydropyran-4 -one was 
found to be formed. 
[0084] 

3 0 Example 6 (Synthesis of tetrahydropyran-4 -one) 

The filtrate obtained in Example 3 was concentrated 
under reduced pressure, 300 ml of toluene was added to the 
concentrate, and the mixture was dehydrated by azeotropic 
distillation (this operation was repeated four times) . To 

35 the solution were added 500 ml of ethyl acetate and 500 ml 
of a saturated aqueous sodium chloride solution, and the 
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mixture was stirred. After completion of the stirring, the 
organic layer and the aqueous layer were separated, the 
aqueous layer was extracted twice with 500 ml of ethyl 
acetate, the extracts and the organic layer were combined 
5 and the mixture was dried over anhydrous magnesium sulfate. 
After filtration, the filtrate was concentrated under 
reduced pressure, and 3 00 ml of toluene was further added 
to the concentrate and insoluble materials were filtered 
off. The filtrate was concentrated again to give 36.1 g of 
10 a crude product containing pyran-4-one as a main component 
as brown liquid. 
[0085] 

In a flask made of glass having an inner volume of 2 0 
ml and equipped with a stirring device, a thermometer and a 
15 balloon filled with hydrogen were charged 32.3 g of the 

crude product containing pyran-4-one as a main component, 
6.5 g (50% hydrated product; containing 1.5 mmol as a 
palladium atom) of 5% by weight palladium/carbon, 162 ml of 
toluene and 24 ml of ethanol, and the mixture was reacted 

2 0 under hydrogen atmosphere at room temperature for 8.5 hours 

with stirring. After completion of the reaction, the 
reaction solution was concentrated under reduced pressure, 
and the concentrate was distilled under reduced pressure 

(55 to 65°C, 933Pa) to give 10.18 g (Isolation yield based 
25 on 1 , l-dimethoxybutan-3 -one : 14.9%) of tetrahydropyran-4 - 
one as colorless liquid. 

[0086] 

Example 7 (Synthesis of dihydropyran-4-one) 

In a flask made of glass having an inner volume of 2 0 

3 0 ml and equipped with a stirring device, a thermometer, a 

reflux condenser and a balloon filled with hydrogen were 
charged 3.0 g (31.2 mmol) of pyran-4-one, 0.6 g (50% 
hydrated product; containing 0.14 mmol as a palladium atom) 
of 5% by weight palladium/carbon, 30 ml of toluene and 3 ml 
3 5 of ethanol, and the mixture was reacted under hydrogen 
atmosphere at room temperature for 1 hour. After 
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completion of the reaction, the reaction mixture was 
filtered, and the filtrate was concentrated. The concen- 
trate was purified by silica gel column chromatography 
(Eluent; hexane : ethyl acetate=10 : 1) to give 1.0 g (Isola- 
5 tion yield; 33%) of dihydropyran-4 -one as colorless liquid. 
Physical properties of dihydropyran-4 -one are as 
follows . 
[0087] 

CI-MS (m/e) ; 99 (M+l) 
10 1H-NMR (CDC1 3 , 5 (ppm) ) ; 2.57 to 2.63 (2H, m) , 4.50 (2H, 
dd, J=7.6Hz, 6.8Hz), 5.41 (1H, d, J=6.1Hz), 7.35 (1H, d, 
J=6 . 1Hz) 
[0088] 

Example 8 (Synthesis of t e t r ahydr opy r an - 4 - one ) 
15 In a flask made of glass having an inner volume of 2 0 

ml and equipped with a stirring device, a thermometer, a 
reflux condenser and a balloon filled with hydrogen were 
charged 500 mg (5.1 mmol) of dihydropyran-4 -one synthesized 
in Reference example 1, 10 0 mg (50% hydrated product; 
20 containing 0.02 mmol as a palladium atom) of 5% by weight 
palladium/carbon, 5 ml of toluene and 0.5 ml of ethanol, 
the mixture was reacted under hydrogen atmosphere at room 
temperature for 3 hours with stirring. After completion of 
the reaction, when the reaction solution was analyzed by 

2 5 gas chromatography (Internal standard method) , 3 61 mg 

(Reaction yield: 71%) of t e t r ahydr opy ran - 4 - one was found to 
be formed . 
[0089] 

Example 9 (Synthesis of t e t r ahydr opyr an - 4 - one ) 

3 0 In an apparatus made of glass having an inner volume 

of 50 ml and equipped with a stirring device, a thermo- 
meter, a reflux condenser and a Dean- Stark device were 
charged 0 . 2 g of 5% by weight palladium/carbon (50% 
hydrated product) and 3 0 ml of toluene, and the mixture was 
3 5 refluxed under normal pressure for 3 0 minutes with stirring 
(azeotropic dehydration) . Then, a balloon filled with 
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hydrogen was equipped to the flask, 1.0 g (10.4 mmol) of 
pyran-4-one was added to the mixture, and the mixture was 
reacted under hydrogen atmosphere at room temperature for 
12 hours with stirring. After completion of the reaction, 
5 when the reaction solution was analyzed by gas 

chromatography (Internal standard method) , 8 07 mg (Reaction 
yield: 77%) of tetrahydropyran-4 -one was found to be 
formed. 
[0090] 

10 Example 10 (Synthesis of tetrahydropyran-4 -one) 

In an apparatus made of glass having an inner volume 
of 50 ml and equipped with a stirring device, a thermo- 
meter, a reflux condenser and a Dean-Stark device were 
charged a liquid in which 0.2 g of 5% by weight palladium/ 

15 carbon (50% hydrated product) had been suspended in 1 ml of 
water and 3 0 ml of toluene, and the mixture was refluxed 
under normal pressure for 6 0 minutes with stirring 
(azeotropic dehydration) . Then, a balloon filled with 
hydrogen was equipped to the flask, 1.0 g (10.4 mmol) of 

20 pyran-4-one was added to the mixture, and the mixture was 
reacted under hydrogen atmosphere at room temperature for 
12 hours with stirring. After completion of the reaction, 
when the reaction solution was analyzed by gas chromato- 
graphy (Internal standard method) , 825 mg (Reaction yield: 

2 5 7 9%) of tetrahydropyran-4 -one was found to be formed. 

[0091] 

Comparative example 1 (Synthesis of tetrahydropyran-4 -one) 
In an apparatus made of glass having an inner volume 
of 50 ml and equipped with a stirring device, a thermo- 
30 meter, a reflux condenser and a balloon filled with 

hydrogen were charged 0.2 g of 5% by weight palladium/ 
carbon (50% hydrated product), 1.0 g (10.4 mmol) of pyran- 
4 -one and 3 0 ml of toluene, and the mixture was reacted 
under hydrogen atmosphere at room temperature for 12 hours 

3 5 with stirring. After completion of the reaction, when the 

reaction solution was analyzed by gas chromatography 
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. (Internal standard method) , 86 mg (Reaction yield: 7%) of 
tetrahydropyran-4 -one was found to be formed. 
[Utilizability in industry] 
[0092] 

5 The present invention relates to a process for 

preparing tetrahydropyran-4 -one from pyran-4-one and/or 
dihydropyran-4-one, and the tetrahydropyran-4 -one is a 
compound useful for a starting material or a synthetic 
intermediate of a medicine, agricultural chemicals, etc. 
10 [0093] 

Also, according to the present invention, an 
industrially suitable process for preparing pyran-4-one 
which can obtain pyran-4-one from inexpensive starting 
materials in high yield and by a simple and easy process 
15 can be provided. 
[0094] 

According to the present invention, an industrially 
suitable process for preparing tetrahydropyran-4 -one which 
can obtain tetrahydropyran-4 -one from pyran-4-one in high 
2 0 yield and by a simple and easy process can be provided. 



